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ABSTRACT 

We present new results for a sample of 33 narrow-lined UV-selected active galactic nuclei (AGNs) , 
identified in the course of a spectroscopic survey for star-forming galaxies at z ~ 2 — 3. The rest- frame 
UV composite spectrum for our AGN sample shows several emission lines characteristic of AGNs, as 
well as interstellar absorption features detected in star-forming LBGs. We report a detection of N IV] 
A1486, which has been observed in high-redshift radio galaxies, as well as in rare optically-selected 
quasars. The UV continuum slope of the composite spectrum is significantly redder than that of a 
sample of non-AGN UV-selected star forming galaxies. Blueshifted Si IV absorption provides evidence 
for outflowing highly-ionized gas in these objects at speeds of ^ 10"^ km s^^, quantitatively different 
from what is seen in the outflows of non-AGN LBGs. Grouping the individual AGN by parameters 
such as Lya equivalent width, redshift, and UV continuum magnitude allows for an analysis of the 
major spectroscopic trends within the sample. Stronger Lya emission is coupled with weaker low- 
ionization absorption, which is similar to what is seen in the non-AGN LBGs, and highlights the role 
that cool interstellar gas plays in the escape of Lya photons. However, the AGN composite does not 
show the same trends between Lya strength and extinction seen in the non-AGN LBGs. These results 
represent the first such comparison at high-redshift between star-forming galaxies and similar galaxies 
that host AGN activity. 

Subject headings: cosmology: observations - galaxies: evolution - galaxies: high-redshift ~ galaxies: 
active galactic nuclei 



1. INTRODUCTION 

In order to explain observations of massive galaxy evo- 
lution in the universe, current models of galaxy forma- 
tion require a form of energetic feedback that is thought 
to result from the effects of a central active galactic nu- 
; cleus (AGN) (ICroton et al.ll2006HS omerville et"all l2008l: 
, iDi Matteo et al.l l2008l ). Energy and momentum input 
from the AGN into the galaxy's interstellar medium 
(ISM) can serve to heat or remove gas so that it is no 
longer available for star formation. "AGN feedback" has 
been presented as one of the major fa ctors giving rise to 
the red sequence i n ma ssive galaxies (jSilk fc Reeslll998t 
iKauffmann et al] |2003( ). Furthermore, every galaxy 
bulge appears to contain a supermassive black hole 
(jKormendy fc RichstondfToOSf ). whose mass is correlated 
with bulge properties such as stellar velocity di spersion 
(jMerritt fc FerraresdlMlUCiiltekin et al.ll2'oO90 . These 
correlations offer evidence of coupling between the for- 
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tory, vfhich is operated as a scientific partnership among the Cal- 
ifornia Institute of Technology, the University of California, and 
NASA, and was made possible by the generous financial support 
of the W.M. Keck Foundation. 

^ David and Lucilc Packard Fellow 



mation of the black hole and bulge, which may result 
from the effects o f AGN feedback (iSilk fc R.eesI floM 
iMurrav et a"ni2005t iHopkins et al.ll2008D . Outflows have 
been observed in strongly star-forming galaxies over a 
range o f redsh i fts (Franx et al. 1997: Shaolev et al.ll2003l : 
iMartinI l2f)f)5t iSteidel et al. l 1201(11 : iRunke et al.l ^2Xm^ 



and post-starburst galaxies at z ^0.6 (|Tremonti et al.l 



and p i 

120071 ^. For AG Ns, outflows have been observed in loca l 
Seyfert galaxies (jCrenshaw et al.ll2003l : lKrug et al.l20 "T^. 
and at higher redshifts in broad absorption hne qu asars 
(|Korista et alj_r 2008: G anguly fc BrothertonI I2008D. ra- 
dio galaxies "Ee svadba et al.l I2OO6L l2008| ) . and ULIRGs 
([Alexander et a l. 2010). However, at early times, out- 
flows have thus far not been fully examined in a sam- 
ple of active galaxies that can be quantitatively com- 
pared to a non-active sample with similar host galaxy 
properties. This paper examines the outflow proper- 
ties of such a sample at 2 < z < 3, when both 
star-formation density and black hole (BH) accretion 
were at their peak (Madau et al.lll996t lUeda et al.ll2003l: 



Rich ards et al. | [200a iReddv et al. I I2008I: iSilverman et al.l 
|2008i)- 

The rest-frame UV portion of a galaxy spectrum is 
ideally suited for the study of the ISM. In star-forming 
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galaxies, this spectral region contains emission or ab- 
sorption from H I Lyman a, as well as low- and high- 
ionization metal absorption lin es that have been used to 
infer the presence of outflo ws (jPettini et alj 120001 |2001L 
I2OO2I : IShaplev et all l2003f ). At z - 2 - 3, the rest- 
frame UV part of the spectrum is shifted into the ob- 
served optical, and is accessible using ground-based facil- 
ities. At these redshifts, individual galaxy spectra have 
low continuum signal-to- noise (S/N), which makes ro- 
bust absorption line measurements challenging. With a 
large enough sample, however, a higher S/N composite 
spectrum can be created, allowing measurements of the 
global propert i es and spe ctral trends w i thin t he sample. 
IShaplev et al] (|2003[ ) and lSteidel et all ()2010f ) have used 
such composite spectra to explore the outflow properties 
of UV-selected star- forming galaxies at z ~ 2 — 3. 

Because the black hole accretion disk and broad-line 
region are obscured from view, the light from a narrow- 
lined AGN is not dominated by emission from the central 
source, but rather that of the host galaxy. The ability to 
study the host galaxy allows for a comparison between 
the galaxy-scale properties of a sample of narrow-lined 
AGNs and those of a similar non-AGN sample. In or- 
der to undertake such a study, we augment the sample 
of narrow- lined UV-selected AGNs at z 3 presented in 
ISteidel et~a l. (2002), extending it to include objects at 
z ~ 2. The original sample enabled, for the first time, an 
estimation of the fraction of star forming galaxies within 
the Lyman Break Galaxy (LBG) survey that showed ev- 
idence for AGN activity on the basis of their rest frame 
UV spectroscopic properties. With the expanded sam- 
ple of AGNs, we construct composite spectra that reveal 
the properties of outflowing gas in these objects. The 
galaxies that harbor these narrow-lined AGN were se- 
lected on the basis of their broadband rest-frame UV 
colors, and should have host galaxies similar to those of 
the non-AGN LBGs. As this AGN sample appears to be 
hosted by galaxies drawn from the s ame parent pqpula- 
tion as the non-AGN LBG sample (jSteidel et al.l 120021: 
lAdelberger fc Steide]| [2005>l . we can conduct a controlled 
experiment to understand how the AGN impacts the gas 
properties of the host galaxy. 

The sample of UV-selected AGNs is presented in ^ 
while in ij3] we describe the creation of the AGN com- 
posite spectrum. This spectrum and its basic properties 
are shown in f|4l including the detection of blueshifted 
high-ionization absorption features. In f}5l we examine 
spectral trends within the AGN sample that are high- 
lighted by separating objects according to Lya equivalent 
width (EW), UV magnitude, and redshift. We conclude 
in f}6] with a discussion placing the results from the com- 
posite spectrum analysis into the context of our under- 
standing of AGNs. Throughout our analysis, we assume 
flu = 0.27, nA = 0.73, and Hq = 71 km s~^ Mpc"!. 

2. THE UV-SELECTED AGN SAMPLE AND 
OBSERVATIONS 

The narrow-lined AGNs used to construct the com- 
posite spectra were discovered in the course of a survey 
of z ~ 2 — 3 UV-selected galaxies. This survey spans 
0.89 degrees^ across 29 fie lds a nd is described in de tail in 
ISteidel et al.l (l2?)03l [200I and iReddv et al.l ^00§). The 
method for selecting z ^ 3 LBGs is based on the fact 
that the intervening intergalactic medium absorbs most 
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Fig. 1. — The normalized redshift distribution for our sample of 
UV-selected narrow-lined AGNs, compared to the redshifts of the 
z ^ 2 — 3 UV-selected non-AGN sample. 

of the photons with wavelengths shortward of the Ly- 
man break at 912 A. At z ^ 3, the Lyman break is 
shifted to optical wavelengths, and galaxies at this red- 
shift are selected by their position i n a £/ — G vs. G — TZ 
col or-color diagram. As des cribed in ISteidel et al.l ()2004f ) 
and lAdelberger et al.l (|2004D . color criteria have also been 
developed to identify galaxies with similar intrinsic rest- 
frame UV colors to the z ~ 3 LBGs, but at z ~ 2. 
At this redshift, the observed UGTZ colors refiect a flat 
part of the spectrum redward of the Lyman break for 
star-forming galaxies. The survey of z ^ 2 — 3 UV- 
selected galaxies is split into various subsamples based 
on redshift, including the "BM" (1.5 < z < 2.0), "BX" 
(2.0 < z < 2.5), and the "C", "D", and "MD" galaxies 
(2.7 < z < 3.3). From the photometric sample, objects 
were selected for spectroscopy without regard for their 
x-ray or morphological properties. Therefore, the frac- 
tion of candidates targeted for spectroscopy should be 
similar for both AGNs and star-forming galaxies in the 
UV-selected photometric sample. 

The parent UV-selected spectroscopic sample consists 
of 3059 galaxies, 48 broad-lined AGN, and 33 narrow- 
lined AGN (which comprise 1% of the sample). Ob- 
jects were identified as narrow-lined AGN if they showed 
strong Lya emission accompanied by significant emission 
in either N V A1240 or C IV A1549, where the FWHM for 
any of the emission features was less than 2000 km s^^. 
In'some objects. Si IV AA1393,1402 or He II A1640 was 
additionally used to indicate the presence of an AGN. In 
practice, the requirement of strong Lya emission docs not 
select against finding AGNs with strong nebular emission 
lines but weak Lya emission. In the sample of AGNs pre- 
sented here, Lya is is on average ^4 — 5 times stronger 
than C IV, which is typically the next strongest feature. 
Furthermore, no objects were found in the parent sam- 
ple of UV-selected galaxies with high-ionization emission 
lines while lacking Lya emission. The AGN sample pre- 
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TABLE 1 

UV-Selected Narrow-Lined AGN Sample 
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^ Emission-line rcdsliift, as measured from tlie Lya feature. 

^ The feature of interest was not covered by tlie LRIS spectral range, indicated as "n.e." 

^ The feature of interest was covered by the LRIS spectral range but not significantly detected. 

^ A sky line coincides with the wavelength of CIV. 



se nted here serves as a follow-up to the one described 
in iSteidel et"all (|2002D . now including BM/BX and ad- 
ditional MD objects, doubling the number of discovered 
AGN. The normalized redshift distributions for the AGN 
and non-AGN samples are shown in Figure [TJ The aver- 
age redshift of the 33 AGNs is {z) = 2.55 ± 0.31, with an 
average TZ magnitude of (7^) = 24.2 ± 0.7 (a range in TZ 
of 22.55 - 25.72). For the sample of non-AGNs, reflect- 
ing the combined C, D, M, MD, BX, and BM selection 
windows, the average redshift is (z) = 2.49 ± 0.59, with 
an average TZ magnitude of (TZ) — 24.4 ± 0.6 (a range in 
TZ of 21.66 - 25.97^). Within the AGN sample, there are 
2 BM objects, 13 BX, 9 MD, 4 C, 4 D, and 1 M. These 
represent 1 — 2% of each photometric class within the 
parent spectroscopic sample. The full sample is listed in 
Table □ 

When considering the demographics and space den- 
sity of our sample of AGNs, it is important to con- 
sider how their spectroscopic and photometric proper- 
ties affect their selection, as done for the full sample 
of non-AGN LBGs in Rcd dv et al.l (2008). To estimate 
co mpleteness fo r our s ample, we follow the methodology 
of ISteidel et al.l (120021), updated for the addition of the 
z ~ 2 sample. Redshifts were measured for the sample 
of LBGs by virtue of emission and absorption features 

3 The standard TZ = 25.5 limit was relaxed in the Q1422 field. 



detected in the spectra. The AGN were selected based 
on the presence of emission lines in addition to Lya. In 
order to estimate an upper limit on the number of AGN 
that would be unrecognized because of low S/N spectra, 
we examine the strength of the strongest emission line 
used to infer the existence of an AGN, C IV A1549. As 
discussed above, C IV is, on average, ^ 20% the strength 
of Lyg for the set of 33 AGN spectra. As reported in 
ISteidel et aD (|2002l ). the ratio of C IV to Lya emission 
in the z ~ 3 non-AGN LBG sample is <1% for the quar- 
tile of LBGs having the largest Lya EW. For the quartile 
of z 2 non-AGN with the strongest Lya emission, we 
measure the ratio of C IV to Lya flux to be 1% (Dawn 
Erb, private communication). Given the observed range 
of Lya EWs in our sample, we conclude that narrow- lined 
AGNs would only be found in this strong-Lya quartile. If 
we assume that all of the C IV emission in the strong-Lya 
composite spectrum is originating from a small sample of 
undetected AGNs with C IV/Lya ratios of 20%, then the 
observed C IV/Lya ratio of 1% in the strong Lya com- 
posite implies that such objects can only make up 5% 
of the sample. If we then assume that there are no ad- 
ditional unrecognized AGNs in the other three quartiles 
with weaker Lya emission, the fractional contribution of 
unrecognized AGNs to the full z 2 non-AGN sample 
is ^ 1%. Therefore, our observed frequency of ~ 1% of 
AGN is likely representative of both the spectroscopic 
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and photometric samples of UV-selected z ~ 2 — 3 galax- 
ies. 

The AGNs presented here are first identified as high- 
redshift galaxies based on their location in [/ — G vs. 
G — TZ color-color space. Given that the average rest- 
frame Lya emission EW for the AGN sample is (WLya) = 
80A, we must consider the effect of Lya emission on the 
selection of these objects as a function of redshift. Within 
certain redshift ranges, Lya can contribute flux to either 
the U 01 G bands and alter the position of an AGN in 
color-color space such that it scatters into or out of the 
UV-selected sample. For 19 out of 33 AGNs in our sam- 
ple at 2.17 < z < 2.48 the Lya feature does not fall 
within either the U oi G band, and therefore Lya emis- 
sion contributions are irrelevant. One of these objects, 
HDF-BMZ1156, has anomalously strong C IV emission, 
which has a significant impact on the observed broad- 
band rest-frame UV colors. For the remaining AGNs (1 
object at z < 2.17, and 11 at 2.48 < z < 3.40), we in- 
vestigate how Lya emission affects their inclusion in the 
UV-selected sample. Using the measured Lya EW for 
each object, we correct the U ot G band magnitude for 
Lya flux as needed in order to characterize the broad- 
band colors in the absence of line emission. This anal- 
ysis reveals that only 4 out of 12 objects were actually 
scattered into the selection windows due to the presence 
of Lya emission. HDF-BMZ1156 was scattered into the 
selection window due to its C IV emission. In summary, 
only 5 out of our 33 AGNs have broadband colors that fail 
to satisfy the UGTZ selection criteria if not for the pres- 
ence of strong line emission in the U or G filter. On the 
other hand, the presence of strong Lya emission may also 
cause objects to scatter out of the high-redshift galaxy 
color selection windows. For example, the average Lya 
EW of the AGN sample represents a shift of AG = 0.26 
magnitudes for an object at z = 2.7 (and a comparable 
shift in the U band magnitude for an object at z = 2.0). 
Therefore, objects at z > 2.48 with Lya emission EWs of 
this strength will not be identified as high-redshift star- 
forming galaxies if their line-free G — TZ color is within 
AG of the blue G — TZ edge of the color selection box. 
For a robust comparison of the rest-frame UV contin- 
uum and emission-line properties of UV-selected AGNs 
and non-AGNs, the issues of completeness in color-color 
space as a result of strong line emission are critical. Be- 
cause emission lines do not significantly affect the U and 
G magnitudes of UV-selected AGNs at 2.17 < z < 2.48, 
these objects serve as a powerful control sample when 
we compare the rest-frame UV properties of AGNs and 
non-AGNs in the following sections. 

The AGN spectra were obtained with the LRIS spec- 
trogr aph at the W.M. Keck Observatory ()Oke et al.l 
Il995f) . using multi-object slitmasks with either 1'.'4 or 
1'.'2 slits. The majority of the spectra in our sample were 
obtained with cither a 300 line mm~^ grating blazed at 
5000 A or, following the installation of the blue channel 
of the LRIS instrument, a 400 groove mm~^ grism blazed 
at 3400 A. Additionally, a small number of spectra were 
obtained with the 600 groove mm~^ grism blaze d at 4000 
A. We refer readers to lSteidel et all (l2003l[200l for a full 
discussion of the reduction procedures for these data. 

3. GENERATING THE COMPOSITE SPECTRUM 



The current sample of narrow-lined UV-selected AGNs 
is more than twice as large as the one presented in 
ISteidel et all (|2002[ ). Therefore, the resulting compos- 
ite spectrum of these objects enables the identification 
of weak emission and absorption lines not visible in the 
average of the previous smaller sample. To create the 
composite spectrum, we took the individual extracted, 
one-dimensional, flux-calibrated AGN spectra from our 
sample, and shifted them to the rest frame as described 
below. The spectra were scaled to a common median 
in the wavelength range of 1250 — 1380 A and then av- 
eraged. To exclude positive and negative sky subtrac- 
tion residuals, we rejected the four highest and lowest 
outliers at each wavelength of the composite spectrum, 
which corresponded to '~20% of the data. Composite 
spectra constructed from the median of the flux values 
at each wavelength yielded results indistinguishable from 
those based on composite spectra constructed from the 
average of the flux values. 

In order to construct the composite spectrum, each in- 
dividual spectrum was shifted to the rest frame, which 
requires an accurate measurement of the galaxy's sys- 
temic redshift. The establishment of an accurate sys- 
temic redshift is also necessary for estimating the abso- 
lute values of kinematic offsets for different interstellar 
components in the composite spectrum. The low S/N of 
the AGN spectra only allows for a measurement of the 
strongest rest-frame UV features, such as the emission 
lines H I Lya, N V A1240, C IV A1549, He II A1640, 
and C III] AA1907, 1909. Absorption features were not 
detected in enough spectra to be used to calculate red- 
shifts. The spectra for all of our 33 objects contain a Lya 
emission feature. However, it is well known that Lya is 
not a reliable indicator of the stellar redshift of a galaxy - 
d ue to res onant scattering of the line ( iPettini et al."2001|; 
iShaplev et al. 2003; Adclbcr geF et al.l 2003; Stcidcl et afl 
|2010() . therefore we consider the emission lines associ- 
ated with AGN activity. As indicated in Table [U N V 
A1240, C IV A1549, He II A1640, and C III] AA1907, 
1909 were detected in many individual spectra. However, 
many of these detections do not have the signal-to-noise 
necessary to calculate an accurate redshift. Furthermore, 
C III] AA1907, 1909 is a density-sensitive doublet whose 
blended centroid varies as a function of density, so this 
feature is also unsuitable for measuring redshifts. In gen- 
eral, C IV and He II were the two emission features that 
yielded the highest signal-to-noise detections in the indi- 
vidual spectra. We measure accurate centroids for C IV 
in 19 of our 33 objects, and He II in 17 of our 33 objects. 
We calculated how the redshifts derived from C IV A1549 
and He II A 1640 compared to the Lya redshifts. The av- 
erage (median) difference in velocity between Lya and 
C IV A1549, is Av = -7 km s'^ (24 km s'^), where a 
negative [positive] velocity difference indicates blueshift 
[redshift]. It has previously been shown that the veloc- 
ities traced by th e Lya and C IV emis sion lines agree 
in active galaxies (Buso n fc Ulrichlll990[ ). However, the 
average (median) difference in velocity between Lya and 
He II A1640 is Av = 173 km s^^ (169 km s^^). As He II 
A1640 is not a resonance line, it serves as a better tracer 
for the redshift of the stars in the galaxy than either Lya 
or C I V A15 49, whi ch are subject to ra diative transfer ef- 
fects ()Villar-Martfn et al.ll2000ll2003[ ). 

In the absence of stellar absorption lines. Ha is used in 
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Fig. 2. — The composite rest-frame UV spectrum for 33 narrow-lined AGN at 2 ~ 2 — 3. These objects were selected by virtue of 
their emission lines, such as N VA1240, C IV A1549, and He IIA1640. The dashed lines indicate the locations of emission lines, while the 



inset highlights some of the more prominent absorption features, 
dot-dashed lines indicate high-ionization absorption features. 

the rest-frame optical to derive redshifts. We compared 
the redshifts derived ft-om optical spectra for five AGN 
from our sample taken with the NIRSPEC instrument 
on the Keck II telescope ([McLean et al.lllQQSf ). For these 
objects, the average (median) velocity difference between 
Lya and Ha is Av — 132 km s^^ (208 km s~^), while the 
average (median) difference between He II A 1640 and Ha 
is Av = —37 km s~^ (59 km s""'^). With this in mind, 
the average velocity difference between Lya and He II 
A1640, for composite spectra created with only those ob- 
jects where both lines were detected in the spectrum, is 
— 196 ± 50 km s~^. We adopted this Lya-He II offset 
for all of the objects in the sample, and added it to each 
Lya redshift to estimate the systemic rcdshift for each 
object. We note that the composite spectrum is virtually 
identical if individual He II redshifts are used to estimate 
the rest frame for the objects with robust He II centroid 
measurements, as opposed to the average Lya-He II off- 
set. Furthermore, a stack of the 16 spectra without in- 
dividual He II centroid measurements, using the average 
Lya-He II offset to estimate the rest frame, results in a 
He II profile centered at zero velocity. These consistency 
checks indicate the validity of adopting the average Lya- 
He II offset for all spectra in order to estimate the rest 
frame. 

4. FEATURES IN THE COMPOSITE SPECTRUM 

The final composite spectrum is shown in Figure [21 an 
average of the spectra for our 33 AGNs. We identify sev- 
eral nebular emission lines, including N V A 1240, C IV 
A1549, He II A1640, and C III] AA1907, 1909. We also 
detect N IV] A 1486, which has previousl y been detected 
locall y in compact planetary neb ulae (iDavidson et ahl 
Il986f) . at z = 3.4 in the Lynx arc (jFosburv et al.ll2003f ). 



Dotted lines are used to mark low-ionization absorption features, and 

in hig h-redshift QSOs (jBentz et al"]l2004HGlikman et al l 



2007f. in a z = 5. 563 Lya emitter (|Vanzella ct al. 200 



Raiter et al.ll2010|). and in radio galaxies (|Vernet et all 
200lHHumphrev et al.ll2"008h . We also detect absorption 



features shown in the inset of Figure [21 Many of these 
are o bserved in the LEG non-AGN composite spectrum 
from IShaplev et al] (|2003f) . including the low-ionization 
lines. Si II A1260, O I A1302-HSi II A1304, Si II A1527, 
and high-ionization feature, Si IV AA1393,1402. 

We measured the rest-frame centroids (and corre- 
sponding relative velocities), EWs, and FWHM values 
for each of the emission lines and absorption lines, which 
are found in Tables [H and [31 Gaussian profiles were fit 
to the measured spectroscopic features to estimate line 
centroids. These centroids were then used to estimate 
velocities relative to the systemic frame. In cases where 
the lines are a blend of two closely spaced emission or 
absorption features, a rest-frame blend value was calcu- 
lated based on the oscillator strengths for the pair and 
used to estimate the velocity. The EW was calculated 
by first measuring the values of the continuum on either 
side of the line of interest, integrating the flux in the line 
between these points, and then dividing the flux by the 
average of the continuum values. 



4.1. 



Uncertainties 



The measurements from the composite spectrum are 
only meaningful if accompanied by an analysis of the 
associated errors. The uncertainty on the EW values for 
the composite spectrum is dependent on both the range 
of EW of the individual sample galaxies as well as the 
finite S/N of the composite spectrum. Almost all but 
the strongest features cannot be measured in individual 
spectra. 
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TABLE 2 

Absorption Features 



Ion 



(A) 



blend 

(A) 



qbs 

(A) 



(A) 



(km s^-'-) 



SilP 
SilF 

OI + SilP 

Siiyf 
Siir 



1190.42, 1193.28 
1260.42 

1302.17, 1304.37 
1393.76 
1526.7 



1192.33 



1303.27 



1191.84±1.32 
1260.45±0.94 
1300.37±0.94 
1389.83±0.83 
1526.49±1.00 



-1.70±0.68 
-2.51±0.55 
-2.11±0.34 
-1.18±0.44 
-0.73±0.27 



-123±333 
7±223 
-667±216 
-845±178 
-41±197 



^ Vacuum wavelength. 
^ Observed wavelength. 

^ Rest-frame EW and Icr error. The error takes into account both sample variance and the 
S/N of the composite spectrum (see j|4.H . 

Relative velocity measured in the systemic rest frame of the composite spectrum, equivalent 
to the rest frame of the stars. 

Low-ionization absorption feature. 
^ High-ionization absorption feature. 



TABLE 3 
Emission Features 



Ion 




blnnd 

(A) 


(.h 


W§ 

(A) 


Ad'* 
(km s-l) 


OVI 


1031.912, 1037.613 


1033.82 


1037.94±2.20 


6.01±2.20 


1196±639 


Lyo 


1215.67 




1216.47±0.04 


66.39±11.65 


197±10 


NV 


1238.821, 1242.804 


1240.15 


1242.09±0.64 


5.60±1.00 


470±154 


SiII*'= 


1309.276 




1309.22±0.54 


0.63±0.24 


-13±124 


SilV 


1402.77 




1405.02±0.93 


1.44±0.58 


481±176 


NIV] 


1483.321, 1486.496 


_d 


1486.59±1.17 


2.00±0.78 




CIV 


1548.202, 1550.774 


1549.06 


1550.47±0.38 


16.34±2.86 


273±74 


Hell 


1640.405 




1640.45±0.27 


8.07±1.32 


8±50 


OIII] 


1660.809 




1661.63±1.28 


0.32±1.32 


148±231 


OIII] 


1666.150 




1666.09±0.65 


1.10±0.39 


-10±118 


CIII] 


1906.683, 1908.734 


_d 


1908.28±0.80 


13.96±4.20 





^ Vacuum wavelength. 
^ Observed wavelength. 

^ Rest-frame EW and ler error. The error takes into account both sample variance and the 
S/N of the composite spectrum (see ^4.H . 

Relative velocity measured in the systemic rest frame of the composite spectrum, equivalent 
to the rest frame of the stars. Relative velocities were not calculated for the density-sensitive 
N IV] and C III] doublets, for which the blend wavelength depends on the uncertain electron 
density. 

^ The asterisk indicates that this feature is a fine-structure emission line. 



To reflect sample variance and also stati stical noise, 
we use d a bootstrap technique outlined in Sh aplev et al.l 
(|2003D to calculate the uncertainties. In this method, we 
generated 500 fake composite spectra constructed from 
the sample of spectra used in creating the real composite 
spectra. Each fake spectrum was constructed in the same 
way, with the same number of spectra as the actual com- 
posite, but with the list of input spectra formulated by 
selecting spectra at random, with replacement, from the 
full list of AGN spectra (~ 36% of sample is replaced by 
duplicates). With these 500 fake spectra, we measured 
the line centroids (and velocities) and EWs for all of the 
emission and absorption features detected in the original 
composite spectrum. The standard deviation of the 500 
individual measurements represents the errors on these 
values. 

4.2. Emission Features 

The emission features for the full composite spectrum 
are shown in Table [31 The most prominent feature is 
Lya, which, for the individual AGN spectra, is always 



observed in emission. In IShaplev et alj (|2003[ ). the Lya 
feature was detected both in emission and absorption 
for a sample of 820 non-AGN LBGs. We measure a 
Aw = -|-197 km s^^ emission rcdshift from our compos- 
ite spectrum, which is slightly lower, but similar to what 
is observed in the non-AGN LBG sample (Aw = -f360 
km s~^). This redshift is due to the scattering of Lya 
photons off of redshifted material in the galaxy, which 
allows the (now off-resonance) photons to escape. The 
measured EW is Wi^ya = 66 A, which is similar to the 
EW measured from the quartile of non-AGN objects from 
Hhapley et al. (2003) with the strongest Lya EW. 

The other strong emission lines we see in the composite 
spectrum are N V A1240 (Wn v = 5.6 A), C IV A1549 
{Wc IV = 16.3 A), He II A1640 (Whc ii = 8.1 A), and 
C III] AA1907, 1909 (Wc m] = 14.0 A). The majority of 
non-AGN LBGs do not show evidence for these features 
with such large EW values, even in th ose LBGs with 
strong Lya emission ()Shaplev et al.ll2003D . Both N V and 
C IV have redshifts that are similar to the one measured 
for Lya. Because we are using a composite spectrum, 
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which has a higher S/N ratio than the individual spectra, 
we can detect weaker emission hnes as weh. We detect 
N IV] A1486, as weh as O VI AA1032, 1038, and O III] 
AA1661, 1666. As mentioned in ij2l while the EW values 
of Lya are similar between the non-AGN and the AGN 
composite spectra, the strongest emission line indicative 
of an AGN in the non-AGN spectra is C IV A1549, which 
is only seen at 1% the strength of Lya. 

The ratios of strong UV emission lines have been used 
to understand the underlying shock and photoionization 
conditions in the gas. Lya is generally not used for diag- 
nostic purposes because of the resonance scattering and 
the effects of strong dust attenuation on this line. The ra- 
tios of C IV A1549/C III] A1909, C IV A1549/He II A1640, 
and C III] A1909/He II AI640 can be used to discriminate 
between shock and photoionization predictions for nar- 
row emission-line regions in AGNs ( Villar-Martin et all 
[19971 lAllen et al.lll998l: [Groves et al.ll2004D . For the full 
composite spectrum we measure values of the ratios of 
these lines that are very similar to the range of observed 
ratio s in high-redshift radio galaxies ( Villa.r-Martin et al.l 
ll997tlNagao et al.ll2006al: iMatsuoka et al.ll2009t)" 

4.3. Absorption Features 

In addition to the strong emission lines seen in the 
composite spectrum, we detect several weak interstellar 
absorption features as well, such as the low-ionization 
lines Si II A1260, O I A1302-|-Si II A1304, and Si II 
A1527. We do not detect C II A1334 in our compos- 
ite spectrum, which is a low-ionization absorption fea- 
ture detected in the non-AGN composite spectrum from 
[Shapley et al. (2003)-*. The origin of this difference re- 
quires further study. The unblended low-ionization lines 
detected do not show significant blueshifts, in contrast 
to the blueshifts of ^ 150 — 200 km s~ ^ observed in 
the non-AGN sample (jShaplev et al.ll2003l: [Steidel et al.l 
[2004, 2010). This conclusion is dependent on our defi- 
nition of the rest frame for the individual spectra. As 
discussed in SJ3J our method uses the centroid of He II 
A1640 emission as a proxy for the rest frame. On the 
other hand, the rest frame for the spectra included in 
the non-AGN LEG composite from lShaplev et al.l ()2003l ) 
was established using average relationships between the 
centroids of rest-frame optical nebular emission lines and 
those of rest-frame UV features, such as interstellar ab - 
sorption lines and Lya emission (jAdelberger et al.ll2003[ ). 
Below we discuss how a change in the rest-frame determi- 
nation would affect our conclusions about interstellar ab- 
sorption line kinematics. However, we note that, regard- 
less of the rest-frame determination, the observed offset 
between Lya emission and low-ionization interstellar ab- 
sorption lines in the AGN composite spectrum {r-^ 200 km 
s~^) is significantly smaller than the corresponding offset 
observed in the non-AGN composite (~ 510 km s^^) - 
indicating an intrinsic difference in kinematics traced by 
low-ionization gas. While the observed centroid of O I 
A1302-)-Si II A1304 may indicate a blueshift, it is most 
likely contaminated by additional absorption at 1296 A. 
This a bsorption may be due to the stellar feature Si III 
A1296 (jChandar et al.ll2005[ ). but higher signal-to -noise 

While not detected in the full composite spectrum, C II A1334 
is marginally detected in four of the individual spectra, HDF- 
BX160, Q0000-C14, Q0100-BX172, and Q1700-MD157. 
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Fig. 3.— Comparison of the blueshift of the Si IV A1393 
and A 1402 line between the continuum normalized AGN composite 
spectrum (in red) and the non-AGN composite spectrum (in black) 
presented in Shaplcv ct al. (2003). The long dashed lines mark the 
rest-frame wavelengths of both Si IV A1393 and A1402, while the 
dotted and dot-dashed lines show the measured blueshifted cen- 
troids for the non-AGN and AGN composite spectra, respectively. 
The measured centroid of the Si IV A1393 feature indicates a ve- 
locity offset of — 845±171 km s^^ in the AGN composite spectrum, 
while in the non-AGN spectrum, it is —180 km s~'-. Although it is 
difficult to determine robustly the full Si IV absorption profile in 
the AGN composite spectrum due to contamination by Si IV emis- 
sion, we emphasize differences in the blue wing of the A1393 ab- 
sorption feature. There is excess absorption at the most blueshifted 
velocities in the AGN composite relative to that of the non-AGNs. 



spectra will be required to confirm this possibility. 

We also detect the high-ionization feature Si IV 
AA1393, 1402, both in emission and absorption. We use 
the stronger Si IV A1393 feature as a probe of absorption 
line kinematics. This feature is resolved, with a FWHM 
greater than 500 km s~^. The Si IV centroid indicates 
a significant blueshift, —845 ± 178 km s~^, which is sev- 
eral times larger than the one measured in the non-AGN 
composite spectrum {Av = —180 km s"'^). This differ- 
ence is demonstrated in Figure [3l which shows both the 
AGN composite spect rum described here and the non- 
AGN composite from IShaplev et al.l (|2003[) , zoomed in 
on the region around Si IV. One potential cause for con- 
cern is the contamination of Si IV absorption profiles by 
the corresponding Si IV emission lines, given their close 
proximity in wavelength. The Si IV A1393 emission line is 
in fact measured to be narrower than the A1402 feature, 
suggesting that its blue edge is attenuated by Si IV A1393 
absorption, which is stronger than absorption from Si IV 
A1402. Furthermore, the Si IV A1393 emission feature is 
observed to be weaker than that of Si IV A1402, while 
the relative oscillator strengths of the doublet members 
suggest that Si IV A1393 should be twice as strong as 
A1402. Both of these observations indicate the possible 
blending of Si IV emission and absorption. 

In order to quantify the contamination from emission 
in the observed Si IV A1393 absorption profile, we re- 
quire a robust model of the intrinsic Si IV A1393 emis- 
sion. Such a model is not straightforward to construct, 
given that both Si IV A1393 and A1402 emission fea- 
tures are affected by absorption, and, furthermore, the 
Si IV A1402 emission feature is blended with emission 
from O IV] A1401. The ratio between O IV] A1401 and 
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Si IV A1402 is not we l l constrained, but ca n exceed unity 
(|Hamann et al.l[2003 iNagao et al.ll2006bl ). in which case 
the inferred Si IV A1393 would be much weaker than if 
all the emission at ~ 1402 A was due to Si IV. While 
the potential contamination from Si IV emission pre- 
vents us from tracing out the full Si IV absorption pro- 
file, we can still assert that absorbing gas exists at a 
blueshift with a magnitude of 845 km s~^. Furthermore, 
as shown in Figure [31 this highly blueshifted gas in the 
AGN composite spectrum at ^ —1000 km s~^ does not 
have a corresponding component in the non-AGN com- 
posite spectrum, representing a quantitative difference 
between the velocity profiles of outflowing absorbing gas 
in the two samples. Here we return to the issue of the 
discrepancy between the low-ionization Si II absorption- 
line blueshift measured in the AGN and non-AGN LBG 
composite spectra. The non-AGN LBG composite spec- 
trum has low-ionization Si II absorption lines blueshifted 
by ^ 150 — 200 km s^^, while the Si II absorption in 
the AGN composite spectrum does not show the same 
blueshift. If this difference were due to systematics of 
the rest-frame determinations, and we instead forced the 
Si II absorption lines in the AGN composite to have the 
same blueshifts as those in the non-AGN composite, the 
blueshift of Si IV would increase to > 1000 km s~^. 

4.4. Continuum Shape 

Besides the emission and absorption features seen in 
the composite spectrum, the shape of the underlying con- 
tinuum can be used to discern the presence of dust in 
these objects. The continuum shape is is often described 
by /?, the slope of a power law of the form Fx oc 
fit to the continuum. We used a modifie d version of 
the method outlined in ICalzetti et al.l ()1994l ) , using win- 
dows of the continuum with little to no activity as an- 
chor points for fitting the power law. For the full com- 
posite spectrum, we measured /3 — —0. 314, while for 
the fu ll non-AGN LBG composite from IShaplev et al.l 
(|2003f ). we measured /3 = —1.49, which is significantly 
bluer. A comparison between AGN and non-AGN com- 
posite spectra is shown in Figure H) We note here that 
in a composite spectrum of the control sample of objects 
at 2.17 < z < 2.48, for which Lya emission does not 
affect the U GTZ photometry, the UV slope is at least as 
red as in the composite spectrum for our full AGN sam- 
ple. This result demonstrates that the red UV continuum 
slope measured for our AGN sample does not simply arise 
from red objects, which wouldn't satisfy the rest-frame 
UV selection criteria otherwise, scattering into the UV 
selection box due to the presence of strong Lya emis- 
sion. A full interpretation of the red AGN continuum 
awaits detailed population synthesis modeling which will 
be presented in Hainline et al. (in preparation), yet 
preliminary analysis suggests the AGN continuum does 
not contribute significantly at rest-frame UV wavelengths 
lAsscf ct al. 2009). 

lAird et al.l (|20iq) argue that the redder rest-frame UV 
continuum slopes of UV-selected narrow lined AGNs rel- 
ative to star-forming galaxies can result in a reduced 
overall selection efficiency in color-color space. How- 
ever, these authors do not take into account the simul- 
taneous effects of continuum shape and strong emission 
lines in calculating the AGN selection efficiency, which 
can have a significant impact on the colors of narrow- 



lined AGNs in certain redshift ranges (as discussed in 
Our main conclusions about rest- frame UV spectro- 
scopic trends within the UV-selected narrow-lined AGN 
sample are not significantly affected by these considera- 
tions. If anything, the difference we report between AGN 
and non-AGN continuum slope would be increased by in- 
cluding the spectra of red AGNs that do not fall in the 
color selection box due to their G — TZ colors. 

5. AGN SPECTROSCOPIC TRENDS 

In order to discern spectroscopic trends in the AGN 
sample, we split the objects into various subsamples 
based on the properties of the individual spectra. Given 
the relatively small sample size (33 objects) and our de- 
sire to maximize the S/N of the resulting subsample com- 
posite spectra, we simply divide the sample in half for 
these analyses. The properties used to divide our sample 
include: Lya emission line EW, rest-frame UV absolute 
magnitude, and redshift. We do not split our sample by 
the EW for any of the other emission or absorption lines 
because most of our spectra do not have high enough 
S/N to allow for robust measurements of these features. 
The results for measuring various properties from the 
composite spectra described in this section are found in 
Tabled 

5.1. Lya Dependencies 

Lya is detected in emission in all of our AGN, with EW 
values that range from WLyc = lOA to W^ya = 300A. 
In contrast, the non-AGNs show Lya both in emission 
and absorption. The median value for the Lya EW in 
our sample was Wlyq = 63A, which is where we split the 
sample, creating a composite spectrum for those spec- 
tra with WLya < 63A and those with Wi^ya > 63A. 
The results of measuring the various properties of the 
composite spectra are found in Table ID The mea- 
sured Lya EW in the strong Lya composite spectrum 
is M^Lya, strong = 123 ± 14A, which is almost five times 
larger than what is measured in the weak Lya composite 
spectrum, H^Lya.woak = 28 ± 5A. The Lya EWs mea- 
sured from the composite spectra are consistent with the 
sample mean values of (W^Lya, strong) = 141 ± 15A and 

(l^Lycwcak) = 33 ± 4A. ' 

The strong Lya composite spectrum has significantly 
larger C IV, He II, and C III] EW values than the spec- 
trum with weaker Lya emission, but only by a factor 
of two. The same trend is observed when we consider 
line fluxes as opposed to equivalent widths. For both 
equivalent widths and fluxes, the change in Lya is not 
accompanied by an equivalent change in the strength of 
emission lines that are primarily sensitive to the level of 
nuclear activity. 

In the strong Lya EW composite spectrum, most low- 
ionization (Si II A1260, C II A1334, and Si II A1527) and 
high-ionization (Si IV AA1393, 1402) absorption lines are 
statistically weaker than the features measured in the 
weak Lya EW composite spectrum. This difference is 
shown in Figure [5l which overplots the strong and weak 
Lya EW composite spectra. This trend of absorption 
line strength being anticorrel ated with Lya EW is also 
seen in the non-AGN LBGs (|Shaplev et al.l 120031 ). The 
O I A1302+Si II A1304 absorption line, however, is of 
a similar strength in both spectra. The potential con- 
tamination by Si III A 1296 discussed in Section 14.31 is 
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Fig. 4. — Compa rison of the continuum slope between the AGN composite spectrum and the non-AGN composite spectrum from 
IShaplev et ahl I I2003I) . The AGN composite is significantly redder than the non-AGN composite. The power law slope /3, as measured 
directly from the AGN spectrum, is /3 = —0.314, while for the non-AGN spectrum, /3 = —1.49. 



more prominent in the strong Lya EW composite, while 
it is not seen in the weak Lya EW composite. In the 
weak Lya EW composite, the O I-f Si II feature has a 
much smaller offset than what is seen in the full com- 
posite spectrum. Finally, C II is detected in the weak 
Lya spectrum while not present in either the strong Lya 
or full composite spectra (see ii4.3p . Beyond the trends 
in emission and absorption line strength, the two binned 
spectra do not differ in many other respects. They are 
not statistically different in UV luminosity or continuum 
color. 

5.2. UV Magnitude Dependencies 

We calculated the UV magnitude for each of our galax- 
ies using the value for a galaxy's redshift to interpolate 
the flux at 1500 A from the G - i? color. With this 
flux, we calculated a UV luminosity and AB magnitude 
for each object. The normalized UV magnitude distribu- 
tions for the AGN and non-AGN samples are shown in 
FigurelH The median magnitude is Muv,ab = —20.7, so 
we split the sample into Mjjvfiright and Mjjvjaint sub- 
samples for making composite spectra. 

The resulting spectra have Lya EWs that are sta- 
tistically similar, while the Mjjvjaint sample has over- 
all weaker interstellar absorption lines. This difference 
in interstellar absorption line strength is not as signif- 
icant as the one observed between the two Lya com- 
posite spectra described in H5.I1 indicating a stronger 
connection between Lya emission strength and interstel- 
lar absorption streng th, as observed in non-AGN LBGs 
(jShaplev et al.l[2003l ). Additionally, the two spectra sep- 
arated by Mjjv are quite different in continuum color. 
The y^uv,bright composite spectrum is significantly bluer 
(fispec = -0.67) than the Muvjamt composite [jispec = 
—0.06), yet both are redder than non-AGN LBG com- 
posite {Pspec = —1.49). The average line flux for AGN- 



sensitive features such as C IV, He II, and C III] is larger 
in the y^uv,bright composite than in the y^uvjaint one. 
If the line fluxes and UV continuum flux density scaled 
by the same factor, which would indicate a direct connec- 
tion between nuclear activity and UV continuum emis- 
sion, the average EWs in the bright and faint compos- 
ites would also be identical. In fact, the average EWs 
of the AGN-sensitive features in the Muyjaint sample 
are larger than those in the ^uv,bright sample, suggest- 
ing that the relationship between AGN-sensitive emission 
lines and UV continuum is not direct. While this trend is 
consistent with the trend observed in broad-lined QSOs 
()Baldwinlll977f) . as these are narrow- lined AGNs, with 
only an obscured view of the central engine, we do not 
expect that the AGN emission co ntributes to the overall 
UV continuum (jAssef et al.ll2009() in either the bright or 
faint subsample. The difference in emission-line strength 
may simply indicate the correlation of AGN activity with 
additional properties of the host galaxy stellar popula- 
tion. Further population synthesis modeling is required 
to fully characterize these trends. 

5.3. Redshift Dependencies 

We separated the spectra by redshift aX z — 2.7, effec- 
tively splitting between the z ^ i LBG sample and the 
newly added z 2 BX/BM and MD objects. There are 9 
objects used to generate the z > 2.7 composite, and 24 to 
generate the z < 2.7 composite. The results for separat- 
ing the spectra by redshift are very similar to those seen 
when separating by WLya, with the higher redshift sam- 
ple showing stronger Lya emission on average. The Lya 
EW distribution for the high redshift sample spans the 
range of 15 to 300 A {{WLya,z>2.7) = 124±28), while the 
Lya EW distribution for the low redshift sample spans 
the range of 10 to 145 A {{WLyc.,z<2.7) = 62 ± 8). Given 
that strong line emission can affect the selection of these 



10 



HAINLINE ET AL. 



o 




> 63 

Lya 

< 63 

Lya 



2 

1.5 



0.5 







1 ^ 






III 1 




CO ; 


In m 


in 
+ 




1 g 


II 1 






f NvTJ 


o 






"niv] 

Ik 

II " V 1 






Lya 


i: 




1,1 , 


,11 1 , 1 - 



1200 



1300 



1400 



1500 




1200 



1400 1600 
Rest Wavelength (A) 



1800 



0.25 



0.15 



Fig. 5. — Composite spectra of objects separated by Lya EW. Plotted in black is the continuum normalized composite spectrum from 
the half of galaxies in our AGN sample with the strongest Ly« emission, while plotted in red is the continuum normalized composite 
spectrum from the half of galaxies with the weakest Lya emission. The inset shows a section of the spectra between 1250 and 154 A. The 
absorption lines are significantly weaker in the strong Lyo composite spectrum, which is consistent with the results from Sha plev et al.l 
ll2003i) for non-AGN LBGs. Dashed lines indicate emission lines, dotted lines indicate low-ionization absorption features, and dot-dashed 
lines indicate high-ionization absorption lines. 

objects as a function of redshift, we removed from the 
analysis the 5 AGNs whose broadband colors only satis- 
fied the U GTZ selection criteria because of the presence 
of Lya or C IV. Even with these objects removed we 
still find a larger average Lya EW for the higher red- 
shift sample. While these differences are suggestive of 
redshift evolution in the Lya EW distributions in a simi- 
lar sense to what is obse rved in star-forming galaxies over 
the same redshift range (jReddv et al.ll2008t iNilsson et al.l 
|2009( ). the small sample size precludes us from drawing 
any firm conclusions. 

6. DISCUSSION 

Analysis of the composite spectrum of the UV-selected 
AGNs at z ~ 2 — 3 reveals a number of results regard- 
ing the nature of AGN activity. We report the detec- 
tion of weak absorption lines from both low- and high- 
ionization species. Most strikingly, the high-ionization 
Si IV absorption feature exhibits a significant blueshift 
of Av — —845 ± 178 km s~^. The precise value of this 
blueshift is referenced to our estimate of the rest frame 
based on He II A1640. As discussed in iJ4.3[ if we adopt a 
rest frame in which the low-ionization lines have the same 
blueshif t as those in the non -AGN LEG composite spec- 
trum of lShaplev eFall (|2003l ). then the magnitude of the 
inferred blueshift for Si IV would be even greater. While 
contamination from Si IV emission prevents us from trac- 
ing out the full Si IV velocity profile in absorption, the 
most strongly blueshifted material appears to be outfiow- 
ing more rapidly than the associated gas in star-forming 




0.05 



-21 -20 
UV Magnitude 

Fig. 6. — The normalized UV absolute magnitude distribution 
for our sample of UV-selected narrow-lined AGNs, compared to 
the distribution for the z ~ 2 — 3 UV-selected non-AGN sample. 
These UV magnitudes were calculated from the G — TZ colors and 
Lya-derived redshifts for the objects. 
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TABLE 4 

Spectroscopic Properties of Composite Spectrum Subsamples 



WLyc > 63 WLyc < 63 



M, 



UV,bright 



Ml 



UV, faint 



z > 2.7 



z < 2.7 



Ngal 

i0a--R.r 

/-'spec 



16 

2.60±0.08 
-20.6±0.2 

141±15 
-0.8±0.2 
-0.5±0.3 
-0.1±0.4 



17 

2.49±0.06 
-20.7±0.2 

33±4 
-1.2±0.1 
-0.6±0.3 
-0.5±0.3 



16 

2.65±0.08 
-21.2±0.1 
78±14 
-1.1±0.2 
-0.9±0.3 
-0.7±0.3 



17 

2.43±0.05 
-20.2±0.1 
82±17 
-0.9±0.2 
-0.3±0.3 
-0.1±0.4 



2.94±0.07 
-21.1±0.2 

124±28 
-1.1±0.4 
-0.9±0.4 
-0.7±0.5 



24 

2.37±0.02 
-20.5±0.1 

62±8 
-l.OitO.l 
-0.4±0.2 
-0.2±0.3 



WnV,1240'^ 

1^NIV],1484'^ 

W^CIV,1549'^ 

WhoII,1640'^ 

^CIII],1909'^ 

H^SiII,1260'^ 
W'oi+Sill,1303'^ 
W'SiIV,1393'^ 
1^3111,1527'' 



123±14 

6.23±1.54 
2.13±0.86 

25.21±4.15 
9.16±1.88 

20.85±8.00 



-2.00±0.82 



28±5 
4.42±1.01 
1.68±0.53 
7.99±2.56 
5.48±1.71 
6.06±2.66 

-1.81±0.49 
-1.96±0.54 
-1.72±0.74 
-1.03±0.53 



62±18 
3.22±0.84 
1.05±0.52 

10.17±3.84 
6.01±1.23 

14.08±5.90 



-0.87±0.34 
-2.36±0.47 
-1.66±0.55 
-0.85±0.35 



56±16 
8.21±1.80 
2.51±1.17 

16.40±4.15 
8.13±3.09 

15.62±6.74 



103±37 
4.15±1.66 
3.07±1.36 
40.43±8.06 
14.03±5.29 
36.75±15.58 



52±8 
5.83±1.12 
1.57±0.58 
12.01±2.89 
6.27±1.41 
8.75±2.90 

-1.80±0.39 
-2.27±0.54 
-1.34±0.67 
-0.79±0.35 



^ Sample average values for the eompositc spectra. 

^ UV-continuum slope, measured from the eomposite spectra. 

Rest-frame EW in A, measured from the composite spectra. Positive values indicate emission, while negative values 
indicate absorption. Uncertainties are calculated as described in i|4.1l This table includes absorption and emission 
measurements with greater than 2cr significance. 



galax ies at z ~ 2 — 3 (jShaplev et al.|[2003t iSteidel et alj 
120101 ). iThacker et all JgOOG) presents results of a simu- 
lation that indicate that pure star formation, even when 
the full kinetic energy from each supernovae is applied 
to the outflowing material, can only produce maximum 
outflow velocities of roughly v = 600 km s~^ . Their mod- 
eling shows that only AGNs and quasars can produce 
high speed outflows with velocities greater than 10'^ km 
s~^. Outflows of this magnitude have also been seen in 
poststarburst galaxies at 2 = 0.6, using Mg II AA2796, 
2803, which arc claimed to result from the effects of an 
AGN (Trcmonti ct al. 2007). 

Previous studies of outflows observed in galaxies with 
AGNs can be use d to place t h ese U V-selected AGN re- 
sults in context. iKrug et all ()2010f ) presented a study 
of outflows from a sample of local IR-faint AGN. For 
the narrow-lined objects, the outflow velocities (as cal- 
culated from the Na I D interstellar absorption line dou- 
blet) are on the order of those from starburst galaxies, 
offering a conclusion that star formation was the pro- 
cess driving the outflows in Seyfert 2 systems. Based 
on a sample of local infrare d-luminous st a rburst galax- 
ies exhibiting AGN activity, iRupke et al.l ()2005al ) show 
evidence for high velocity superwinds, which they com- 
pa re to those from a no n-AGN ULIRG sample presented 
in iRupke et al.l (|2005bl R). Both have comparable out- 
flow velocities, leading to the conclusion that the mo- 
mentum and energy required for the outflow could have 
come equally from a starburst or the AGN. The current 
work represents the same type of differential compari- 
son between AGNs and their non-active counterparts, 
but at high redshift, when the black hole and bulge are 
both actively forming. This analysis highlights the spe- 
cific effects of the AGN on the outflowing ISM. Relative 
to work on AGN outflows at high redshift, which has 
focused on the extended line emission i n individual sys- 
tems or small samples of A GNs alone (jAlexander et al.l 
I2OIOI: iNesvadba et al.l |2008[) , the benefit of our analysis 



lies in our comparison to a control sample of non-AGN 
star-forming galaxies. 

In order to understand how the outflows observed in 
our sample of AGNs will ultimately affect the galactic 
gas content, a calculation of the mass outflow rate of the 
gas is needed. Such a calculation requires knowledge of 
the outflowing gas metallicity, column density, covering 
fraction and physical location with respect to the illumi- 
nating source. Specifically, it is necessary to determine 
whether the outflowing gas extends over the scale of the 
entire galaxy or is confined to the scale of the central en- 
gine. Based on current data, we cannot obtain a precise 
estimate of the location of the gas, metallicity, column 
density, or covering fraction. Without determinations 
of these pro perties, a full compa rison to AGN feedback 
models fe.g. iThacker et aLll2006t ) cannot be made. 

The N IV] A1486 emission line is detected in our AGN 
composite. This feature is not detecte d in the non-AGN 
LBG composite (jShaplev et al.l l2003l ). and is observed 
only rarely i n broad-lined quasars in the Sloan D igital 
Sky Survey (|Bentz et al.l 12004 iJiang et al.l I2008D . At 
the same time, N IV] has been de tected in the spec- 
tra of high red shift radio galaxies ([Vernet et al.l 120011 : 
iHumphrev et al.i,2008,) . In order to dete r mine the origin 
of the N IV] emission, IHumphrev et al.l ()2008| ) consider 
both photoionization and shock models. A comparison 
of model predictions for line ratios such as N IV] / C IV 
and N IV] / He II with those measured in our composite 
spectrum suggests that the observed N IV] originates in 
photoionized gas. Our observed line ratios indicate that 
the gas is of solar or supersolar metallicity and subjected 
to a hard ionizing spectrum (/i, oc v", where a > —1.0) 
with ionization parameter U > 0.05, where U is defined 
here as the ratio of ionizing photons to H atoms at the 
surface of the model photoionized gas slab. On the other 
hand, shock excitation models cannot explain our high 
observed values of N IV] / C IV. 

The EW of Lya in the UV spectra of our AGNs is 
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indicative of both the strength of the AGN as well as 
the properties of star-forming regions. The observed 
Lya EW is further modulated by various radiative trans- 
fer effects, due to its high scattering cross section. In 
non-AGN LBGs, the strength of Lya emission has been 
shown to correlate with the EW of low-ionization in- 
terstellar absorption lines, such that strong Lya emis- 
sion is accompanied by weaker interstellar absorption 
(jShaplev et al.ll2003| ). This result can be understood if 
the escape of Lya photons is at least partially modi- 
fied by the co vering fractio n of ne utral gas in the ISM. 
Additionally, iKornei et al.l (|2010( ) show that stronger 
Lya emission is coupled with smaller dust obscuration 
as traced by the slope of the UV continuum, indicat- 
ing that interaction with dust preferentially destroys 
Ly g photons, a r esult c onsistent with p r evious work 
bv IShaplev et al.l (I20Q3D . iPentericci etall ()2007f ). and 
IVerhamme et al.l ()2008[ ). 

When separating our objects according to Lya EW 
to create composite spectra, we find that the composite 
spectrum created from objects with large Lya EW shows 
stronger C III], C IV and He II emission than the com- 
posite spectrum created from objects with smaller Lya 
EWs. As shown in Table H the C III], C IV, and He II 
lines are two to three times weaker in the WLya < 63 
composite spectrum than in the WLya > 63 composite 
spectrum. This result suggests that the strength of Lya 
emission is modulated at least partially by the level of 
AGN activity, which is traced by the strength of these 
other emission lines. However, the fact that the Lya EW 
is almost 5 times weaker in the weak Lya EW composite 
spectrum indicates additional suppresion of Lya photons 
beyond the reduced level of AGN activity. At the same 
time, the low-ionization interstellar absorption lines that 
indicate the covering fraction of cool gas are significantly 
stronger in the weak Lya composite. Therefore, it is not 
only the strength of the underlying AGN that separates 
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the objects by Lya EW, but also the covering fraction 
of gas that might absorb and reradiate the Lya emis- 
sion. This trend agrees with the results of IShaplev et al.l 
(|200l for non-AGN LBGs. 

In our AGN sample, the UV continuum of the strong 
Lya composite is redder than that of the weak Lya com- 
posite, though the difference is not significant. This dis- 
crepa ncy with the t rends among non-AGN L BGs from 
Shapl ev et all ()2003l ) and iKornei et all (|20IO[ ) may be a 
result of our small sample size, or potentially because 
the Lya fiux we observe originates from both the general 
star-forming ISM as well as the nuclear region. These two 
sources of Lya photons may have disjoint properties with 
respect to the geometry of dust extinction, suppressing 
the trend observed among the non-AGN LBGs. 

Future modeling of the spectral energy distributions 
of the AGN host galaxies (Hainline et al. in prep.) will 
allow for analysis of the UV spectra separated by stellar 
mass and E(B-V), as well as uncover spectral trends as a 
function of galaxy evolutionary state. We also will probe 
the origin of the strikingly red UV continuum slopes 
found in the narrow-line UV-selected AGN spectra. 
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